of tumor growth leading to large tumor sizes at the time of diagnosis (8, 33, 41) . The differentiation from meningiomas of the planum sphenoidale and tuberculum sellae is of clinical and surgical importance; tumors arising from these sites are usually diagnosed at an early stage due to visual impairment, which is a late finding in OGMs (7, 11, 22, 28) .
█ INTRODUCTION
O lfactory groove meningiomas (OGMs) account for 4-13% of all intracranial meningiomas. They originate from the dura of the anterior cranial fossa over the cribriform plate and frontosphenoidal suture (7, 10, 11, 25, 36) .
OGMs usually present with hypo/anosmia, visual deterioration, mental changes and headache as a result of olfactory or optic nerve and frontal lobe compression. Seizures are also common in these patients (8, 33) . However, these tumors grow slowly and usually remain clinically quiescent during the early phases sphenoidale and tuberculum sellae meningiomas (7, 28) . In addition to the large size of the tumors at diagnosis and their invasion into paranasal sinuses, encasement of important vascular and neural structures raises major challenges during surgical procedures (8, 10, 22, 28) .
Several surgical approaches have been used to remove OGMs, with the pterional and subfrontal (unifrontal or bifrontal) approaches being the most popular, but designating the optimal surgical approach is still controversial (1, 3, 8, 10, 11, 14, 17, 19, 25, 28, (32) (33) (34) 36, 37) .
We retrospectively analyzed our series of 61 patients with OGMs with regard to clinical presentation, tumor characteristics, surgical approaches and follow-up results after being operated microsurgically through a pterional or unifrontal craniotomy.
█ mATERIAl and mEThODS

Patient Population
Between March 1987 and September 2015 we have operated on a total of 1261 cases of meningiomas, and of these 1261 patients 61 (4.8%) had OGMs that were operated on microsurgically. The medical charts, radiological studies, surgical and pathological records were retrospectively reviewed.
Of the 61 patients, 42 (68.9%) were women and 19 (31.1%) were men, with a median age of 58 years (range, 33-80 years). The preoperative median Karnofsky Performance Score (KPS) of the patients was 100 (range, 60-100). The median follow-up was 64 months (range, 1-239 months). The most frequent complaint was headache (42.6%) followed by visual impairment (36.1%), anosmia/hyposmia (24.6%) and mental changes (24.6%). In 2 patients (3.3%), OGMs were encountered incidentally (Table I ).
The tumor was diagnosed using magnetic resonance imaging (MRI) and/or computed tomography (CT) with and without contrast agent, the latter being the only radiological study in patients operated before 1992 (3 patients). None of the patients had cerebral digital subtraction angiography (DSA) for diagnostic or embolization purposes. Four (6.6%) patients were previously operated at another institution due to OGM.
In the follow-up of patients along with clinical examination, MRI with and without contrast studies was performed at postoperative 24 hours, and 3 months after surgery. Based on the clinical and radiological findings, later follow-up was done once a year until the postoperative fifth year, and then every 2 years. Preoperative and postoperative MRIs of four demonstrative patients are presented in Figure 1A -H.
Tumor Size and Extension Patterns
Patients were divided into 3 groups according to the largest diameter of the tumor; small (≤3cm), medium (3-6 cm) and large (≥6cm) OGMs. Overall the mean tumor size was 4.9 cm (range, 1.5-9 cm). There were 11 (18.0%) small, 30 medium (49.2%) and 20 large (32.8%) tumors in a total of 61 patients. Concerning the tumor extension, hyperostosis was present in 45 (73.8%), ethmoidal invasion in 18 (29.5%), middle fossa extension in 7 (11.5%), optic canal involvement in 6 (9.8%) and vascular encasement in 5 (8.2%) patients. The presence of these five extension patterns was significantly related with the size of the tumor (p<0.05), and optic canal involvement, vascular encasement and middle fossa extension were not seen in small OGMs. The extension patterns according to the tumor size are presented in Table II . 
Surgical Approaches
A total of 63 surgical procedures were performed using the pterional (n=38, 60.3%) and unifrontal (n=25, 39.7%) approaches.
The pterional approach was performed as described by Yaşargil (42) . Classically, the lateral part of the frontal bone, the anterior part of the squamous part of the temporal bone, and the lateral part of the greater wing of the sphenoid bone is mobilized and removed in the pterional approach. We extended the frontal part of the bone flap medially and inferiorly to make it easier to reach and manipulate the anterior fossa from a wide angle. The intraoperative steps of this approach after the dural opening are shown in Figure 2A -H.
We used unifrontal craniotomy for large tumors or tumors with ethmoidal invasion or optic canal involvement. In that fashion, we could see the tumor from the midline, bilaterally and could manipulate the inferior parts of the tumor. We performed a unifrontal approach using bifrontal skin incision, with a bone flap extending medially to the midsagittal line, and laterally to the anterior part of the greater wing of the sphenoid bone.
We kept the galeal tissue as a vascular flap to use in case of cribriform drilling. We mobilized the bone flap anteriorly above the orbital roof and posteriorly we extended the craniotomy anterior to the coronal suture. In this fashion, we could work from a wide angle subfrontally and interhemispherically while we could keep the superior sagittal sinus intact, and manipulate the falx when necessary. We drilled the cribriform plate and excised the tumors extending to the ethmoid when needed and during closure, we packed the muscle tissue harvested from the lateral part of the leg of the patient to the ethmoid space and lay fascia lata autograft harvested from the same place. The galeal flap was placed over these and surgical glue was used as needed. Figure 3A -H presents the intraoperative details of unifrontal approach with photographs.
Coincidental Intracranial Pathologies
Three patients had coincidental pathologies; one 71-year-old female patient had a right frontal glioblastoma and another 57-year-old female patient had a right frontal convexity meningioma. Both of these pathologies were totally resected in the same session. One male patient who was 60 years old had a coincidental right middle cerebral artery (MCA) bifurcation aneurysm which was operated in the same session.
Statistical Analysis
Data were analyzed using the statistical software package SPSS 21.0 for Windows (SPSS Inc., Chicago, IL). Pearson's chi-squared test and Fisher exact test were used to compare categorical variables. Kaplan-Meier analysis was done to assess the effect of risk factors on recurrence-free survival (RFS). Cox regression for multivariate analysis of risk factors could not be performed due to the small size of the recurrence/ re-growth population. p<0.05 was considered as statistically significant. 
A B C D E F G h Surgical Approach and Extent of Tumor Resection
Overall, gross total resection (GTR) was achieved in 59 (93.7%) procedures, whereas tumor resection was assessed as subtotal in 4 (6.3%) procedures. In 2 of the subtotally resected tumors, the anterior communicating artery complex was encased by the tumor, while in one tumor the recurrent artery of Heubner was encased and residual tumors were left. These three residual tumors underwent Gamma Knife radiosurgery and these residual tumors are still under control after a median follow-up of 74 months (range 52-86 months). The fourth subtotally resected tumor was previously operated at another center and although we performed ethmoidal drilling and resection, a residual tumor with a diameter of 5 █ RESUlTS
Surgical Approach and Tumor Size
A total of 13 procedures were performed on small OGMs. The pterional approach was used in 10 (76.9%) of cases, whereas 3 (23.1%) tumors were resected through the unifrontal route (Table III) . Among the 30 medium sized OGMs, 21 (70.0%) were operated on via the pterional approach and 9 (30.0%) via the unifrontal approach. Large OGMs (n=20) were approached through the pterional route in 7 (35.0%) and through the unifrontal route in 13 (65.0%) cases. The pterional approach was used significantly more frequently in small and medium sized OGMs (p<0.05). After pterional craniotomy, A) the dura is opened. B) The tumor (asterisk) and right olfactory nerve (pointed arrow) are seen. C) After devascularization and incision from the frontobasal dura, D) tumor excision begins. E) When we reach the falx (arrowhead), it is incised and F) the contralateral tumor is excised. G) The basal dura is cauterized and the right optic nerve is seen (black arrow). h) Surgical glue is used as needed.
a higher number of patients with STR (p<0.05) while there was no association between the extent of resection and hyperostosis.
Surgical Approach and Complications
Postoperative complications were observed in 8 (12.7%) out of 63 operations (Table V) . Complications were seen in 3 (7.9%) and 5 (20.0%) patients operated via the pterional and unifrontal approach, respectively. The most frequent complications observed were hematoma (n=2) and contusion (n=2). Overall reoperation for complications was required in 2 cases (3.2%; 1 hematoma evacuation, 1 ventriculoperitoneal shunting). There was no statistically significant correlation between surgical approach and the rate of complications.
The unifrontal approach resulted in a greater percentage of reoperations for complications compared to the pterional approach (pterional n=0, unifrontal n=2). Contusions were mm was observed at postoperative 24 hours control MRI. In the follow-up, re-growth was seen and the residual tumor was operated 2 years later by the pterional approach and GTR was achieved. We did not perform Gamma Knife radiosurgery for the residual tumor of this patient because she was operated before January 1997, the time Gamma Knife facility was available in our country.
GTR was possible in 38 pterional and 21 unifrontal approaches. Therefore, the pterional approach allowed a significantly greater percentage of GTR than the unifrontal approach (p<0.05). In other words, the unifrontal approach was associated with a significantly higher number of patients with subtotal resection (STR) (p<0.05). Table IV summarizes the extent of resection and the approaches used.
Ethmoidal invasion, middle fossa extension, optic canal involvement and vascular encasement were associated with (12), is one of the most commonly utilized craniotomies for OGMs and has the advantage of sparing the contralateral frontal lobe and superior sagittal sinus (36, 39) . It avoids bifrontal retraction and possible cognitive dysfunction (5,6). The disadvantages of this technique are late exposure of neurovascular structures at a far distance from the site of the craniotomy and risk of CSF leak caused by opening of frontal sinuses. Moreover, when dissection requires frontal lobe elevation, there may be significant compression of the frontal bridging veins (5, 19, 32, 36) . Kempe addressed the importance of early identification of the optic nerve and adjacent arteries and proposed a unifrontal craniotomy (20) .
The current debate concerning the surgical strategy concentrates on the extent and safety of tumor resection and the optimal approach. The percentage of GTR of OGMs ranged from 50 to 100% in previous reports (8, 11, 12, 18, 19, 30, 33, 34, 36, 39) . In recent microsurgical series, high rates of total tumor resection were achieved without a significant increase in morbidity (19, 26, 30, 40) . The rate of GTR overall was 93.7% in our patients (pterional 100%, unifrontal 84%). When 20 large OGMs were taken into consideration, we observed that the tumor was totally removed in 85% of cases.
In patients with large OGMs operated through the pterional and unifrontal approaches, total resection rates were 100% and 76.9% respectively. That is, there was no difference in total resection rates between the two approaches. Gazzeri et al. reported similar rates (86.1%) in large OGMs via the bifrontal approach (18) . Tomasello and d'Avella reported more than 90% total resection rates using the pterional approach (13, 38) .
observed in the operation lodge in 2 patients who were treated by medical treatment. Cerebrospinal fluid (CSF) leak was observed in one patient operated via the frontal route and was treated successfully with lumbar drainage. Two patients experienced intracranial hematoma with resulting surgical evacuation in one patient. Hydrocephalus was diagnosed in one patient at 7 months and required a ventriculoperitoneal shunt operation. One patient who was operated by the unifrontal approach developed wound infection 15 months later, and was treated by antibiotherapy. One patient who was operated through a right pterional approach died postoperatively at day 9 due to left MCA infarction that occurred on postoperative day 7 although she had an uneventful postoperative period and was discharged on postoperative day 4.
histological Grading of Tumors
According to the World Health Organisation (WHO) classification, 59 tumors (93.7%) were Grade 1 (40 meningothelial, 12 transitional, 2 secretory, 2 secretory/transitional, 1 fibroblastic, 1 meningothelial/psammomatous, 1 meningothelial/microcystic) and 4 (6.3%) were grade 2 (4 atypical). Two of the grade 2 meningiomas were from the same patient who had a second operation for recurrence. The pathological subtype of the patient who was operated twice for re-growth was secretory grade 1 meningioma in the first operation and her pathological subtype was reported as secretory/transitional grade 1 in the second operation. One of the transitional grade 1 OGM patients had a synchronous frontal convexity meningioma of fibrous grade 1 subtype that was resected totally in the same session by the frontal approach.
Treatment Outcomes
In the follow-up period (median 64 months), the overall tumor control rate was 96.8%. A total of 1 recurrence (1.6%) and 1 re-growth (1.6%) were detected. The median follow-up to recurrence/re-growth of these was 25.5 months (range, 23-28 months). The 2 patients (1 recurrent and 1 re-growth) were treated surgically. The recurrent tumor was an atypical (grade 2) meningioma. No re-growth was observed in 3 patients with STR and had Gamma Knife treatment in their follow-up.
The mean RFS was 66±38.2 months (median RFS; 64 months, range; 1-239). Our number of recurrences/re-growths was small and a longer period of follow-up is needed to figure out a better RFS.
Among potential factors, GTR and WHO grade 1 were associated with longer RFS (p<0.05) whereas age (<50 vs ≥50), sex, preoperative KPS, tumor size (<6 cm. vs ≥6 cm.), type of approach, presence of ethmoidal invasion, optic canal involvement, vascular encasement and hyperostosis had no prognostic value on RFS.
█ DISCUSSION Francesco Durante performed the first successful resection of OGM in 1885 via a left frontal craniotomy (16) . In 1938, Cushing and Eisenhardt described the surgical principles of the OGM resection in a series of 22 patients through a unilateral subfrontal approach (12) . Although there are OGMs were removed using the pterional and unifrontal approach. Both surgical procedures proved to be safe and effective overall; therefore the decision of using aggressive approaches should be reasonable. The pterional approach achieved significantly higher rates of GTR and longer RFS, including large tumors with comparable complication rates. Ethmoidal invasion, middle fossa extension, optic canal involvement and vascular encasement were the major predictors of STR.
█ REFERENCES
Extension into paranasal sinuses has been reported in 5 to 46% of patients with OGMs (8, 15, 25, 33, 36, 39) . Ethmoidal invasion was evident in 29.5% of our patients and was associated with the size of the tumor (p<0.05). Hyperostosis associated with meningioma is a result of tumor invasion rather than a reactive process (31) . The frequency of hyperostosis reported in previous series ranged from 28.3 to 62% (21, 25, 28, 33) . In our series, the rate of hyperostosis was 73.8%, occurring significantly more frequently in medium and large OGMs. The higher rate of hyperostosis in our series can be related to the high percentage (82.0%) of medium and large tumors.
The frequency of optic chiasm and optic nerve involvement in series of OGMs was found to be 6.5-45.4% (7, 8, 21, 25, 33, 36) . In our patients, optic canal involvement was found in 9.8% of cases with a statistically significant association with the tumor diameter, consistent with the findings of Romani et al. who observed the larger the tumor the more often the optic apparatus involvement (33) . Additionally, vascular encasement, mainly the ACA, was also reported in case series in up to 50% of patients (7, 21, 28, 33) . Vascular encasement was seen in 8.2% of patients in our series. To the best of our knowledge, middle fossa extension was not reported in previous series. We have found that middle fossa extension was significantly associated with large tumor size and STR (p<0.05).
Postoperative complications include CSF leak, hematoma, epilepsy, retraction-related swelling, edema, neurological deficits, visual or mental deterioration and wound infections. The rate of life threatening complications ranges from 0 to 25.7%, occurring more frequently with bifrontal approach (3, 8, 18, 28-30, 33, 34, 36, 39, 40) . Hematoma and contusion were the most common complications without a significant difference between the two approaches in our series.
The mortality rates for surgery of OGMs ranged from 0 to 10% in the last two decades (25, 28) . Compared to earlier reports, these rates are considerably lower owing to advances in microsurgery (12, 35) . A meta-analysis conducted by Pallini et al. demonstrated that mortality rates were higher when the bifrontal approach was used (28) . Death related to surgery occurred in one patient (1.6%) due to left MCA infarction operated via a right pterional approach. This rate is similar to the mortality rates reported by Spektor et al. and Bitter et al., 1.3% and 1.6% respectively (8, 36) .
The extent of initial resection was demonstrated to be the most important factor in prevention of recurrence of meningiomas (2, 4, 9, 26, 28) . Additionally, paranasal sinus infiltration was associated with higher risk of recurrence (25, 33) and the risk was higher when involved bone was not removed (8, 15, 26) . The recurrence rates for OGMs reported in the literature ranged from 0 to 41% in surgical series depending on the extent of the initial resection and duration of follow-up period ranging widely from 3.7 to 25 years (3, 5, 7, 8, 18, 25, 26, 33, 36, 40) . Only surgical series with short durations of follow-up reported no recurrence (26, 40) . Mirimanoff et al. reported 30% and 41% recurrence rates at 5 and 10 years after surgery (24) . Tumor recurred in 1 patient (1.6%) while 1 patient (1.6%) showed re-growth in our cases. The median follow-up time was 64
